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Report No. C-7 
SPACECRAFT PROGRAM COST ESTIMATING MANUAL 
1. INTRODUCTION 
An equat ion  f o r  e s t ima t ing  program c o s t s  f o r  design,  
development and manufacture of s p a c e c r a f t  has been empi r i ca l ly  
developed based on t h e  number o f  complete s p a c e c r a f t  ( f u l l  
p ro to types ,  f l i g h t  spa res  and f l i g h t  models) and t h e  weights o f  
t h r e e  s p a c e c r a f t  subsystems (telecommunications and d a t a  hand- 
l i n g ,  s t r u c t u r e ,  and propuls ion) .  The accuracy o f  p r e d i c t i o n  
i s ,  of cour se ,  i n  p a r t  dependent upon t h e  q u a l i t y  of t h e  inpu t  
d a t a  but  r o o t  mean square e r r o r s  of less than  + 30 percent  have 
been demonstrated using program l e v e l  information.  
c e r n i n g  t h e  development of t h e  model, r e l a t i v e  s i g n i f i c a n c e  o f  
t h e  subsystems, programs on which t h e  model i s  based, e tc . ,  are 
con ta ined  i n  ASC/IITRI Reports (Beverly and Stone 1964, Finnegan 
and Stone 1966) f o r  t h e  Lunar and Plane tary  Programs Office, 
OSSA. 
- 
Details con- 
The c o s t  e s t ima t ion  method i s  intended f o r  use  i n  long 
range  planning and t h i s  r epor t  summarizes d e f i n i t i o n s ,  p re sen t s  
examples and supp l i e s  g raph ica l  a i d s  for u t i l i z i n g  t h e  equat ion  
developed. 
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2. COST ESTIMATION EQUATION 
where 
= Estimated spacec ra f t  c o s t  
N = The number of  complete s p a c e c r a f t  inc luding  
f u l l  prototypes,  f l i g h t  spa res  and f l i g h t  models 
= The t o t a l  weight i n  pounds of t h e  s p a c e c r a f t  wT 
= The weight i n  pounds of t h e  spacec ra f t  less ws/c 
experiments 
= (Ws + WTD) t he  combined weight o f  t h e  s t r u c t u r e  W~~~ 
subsystems per s p a c e c r a f t  and t e l e m e t r y  and d a t a  
handling 
= Dry weight of t h e  propuls ion subsystem per  wP 
spacec ra f t  
0.038 
and 0.023 = Linear  regress ion  c o e f f i c i e n t s  wi th  u n i t s  of 
m i l l i o n s  of d o l l a r s  per  pound. 
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3 .  SAMPLE COST ESTIMATION - MARINER R 
3 . 1  Determination of  N 
In each unmanned program there  are a number of s p a c e c r a f t  
models f a b r i c a t e d  i n  t h e  course o f  developing t h e  u l t i m a t e  f l i g h t -  
ready spacec ra f t .  The following i s  a b r i e f  d e s c r i p t i o n  of  t y p i c a l  
models and a determinat ion of N f o r  Mariner R. 
S t r u c t u r a l  Model - One Fabr ica ted  
The model c o n s i s t s  pr imar i ly  of t he  s t r u c t u r a l  equiva- 
l e n t  of  the  s p a c e c r a f t  w i th  a l l  o t h e r  s p a c e c r a f t  subsystems being 
s imulated i n  mass. 
Thermal Model - One Fabricated 
The model c o n s i s t s  o f  simulated ( r e s i s t a n c e  h e a t e r s )  elec- 
t r o n i c  components o r  of non- f l igh t  q u a l i f i e d  e l e c t r o n i c s  and the 
s t r u c t u r a l  equ iva len t  of t he  spacecraf t .  
Proof T e s t  Model - One Fabricated 
The model i s  e s s e n t i a l l y  a complete s p a c e c r a f t  w i th  a l l  as- 
semblies f l i g h t  q u a l i f i e d .  
P a r t i a l  S e t s  of Spares - One Fabr ica ted  
Cons is t  of s e l e c t e d  backup subsystems f o r  f l i g h t  q u a l i f i e d  
s p a c e c r a f t .  
F l i g h t  Models - Two Fabricated 
Complete s p a c e c r a f t  r e a d y  f o r  launch. 
Since the  thermal and s t r u c t u r a l  models c o n s i s t  of an  equiva- 
lent  s p a c e c r a f t  s t r u c t u r e  and mockups of t he  o t h e r  s p a c e c r a f t  
subsystems and experiments they comprise only a f r a c t i o n  of a com- 
p l e t e  s p a c e c r a f t  and are excluded i n  t h e  determinat ion of N. 
Par t ia l  sets of  spa res  a r e  not  included i n  N s i n c e  aga in  they 
r e p r e s e n t  a small f r a c t i o n  of a complete spacec ra f t .  
Mariner R N = 3 
Thus f o r  
and includes one PTM and two f l i g h t  models. 
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3 . 2  Determination of Weight Al loca t ions  
To arrive a t  the  weights included i n  the  equat ion,  t he  t o t a l  
weight of a s p a c e c r a f t  should be a l l o c a t e d  t o  s i x  s p a c e c r a f t  sub- 
systems i n  accordance wi th  the  d e f i n i t i o n s  t h a t  follow. Gross 
estimates made bear ing these  d e f i n i t i o n s  i n  mind can be.used f o r  
h igh ly  conceptual designs wi th  a t t e n d a n t  l o s s  i n  confidence levels. 
Ws - S t r u c t u r e  Subsystem 
Includes bas ic  s t r u c t u r e ,  temperature and thermal c o n t r o l ,  
harnesses ,  cab l ing ,  mounting hardware, pyrotechnics ,  wi r ing ,  e t c .  
Many of  t hese  i t e m s  are r a r e l y  d i s t i n c t  i n  the  weight informa- 
t i o n  most commonly a v a i l a b l e .  Therefore,  whenever poss ib l e ,  d e t a i l e d  
weight information should be obtained i n  order  t h a t  these  i t e m s  can 
be  separa ted  from sub-assemblies t h a t  are assigned t o  one of t h e  
o t h e r  f i v e  subsystems. 
Wp - Propulsion Subsystem (Dry Weight) 
Includes motors and t h r u s t e r s  w i th  t h e i r  mechanical arrange-  
ments, valves, tanks and p i p e l i n e s  which maneuver o r  s t a b i l i z e  the  
s p a c e c r a f t .  It excludes p rope l l an t ,  s t r u c t u r e  a s soc ia t ed  wi th  
housing motors o r  t h r u s t e r s ,  ordinary mounting provis ions  and 
e l e c t r o n i c  sens ing  and c o n t r o l  equipment. 
WGc - Guidance and Control Subsystem 
Cons i s t s  of equipment necessary f o r  a t t i t u d e  sensing,  scan- 
ning,  s e l e c t i o n  of f l i g h t  pa th  and determinat ion and c o r r e c t i o n  
o f  p o s i t i o n  e r r o r .  S p e c i f i c a l l y  inc ludes  s t a b i l i z a t i o n  and a t -  
t i t u d e  subsystem, sensors ,  f l i g h t  c o n t r o l ,  pneumatic and d e t e c t i o n  
system and alt imeter.  Excluded are engines used f o r  s t a t i o n  
keeping o r  a t t i t u d e  c o n t r o l .  
- Telecommunications and Data Handling Subsystem W~~ 
Cons is t s  of equipment f o r  i n t e r p r e t a t i o n ,  recording,  s t o r a g e  
and two-way communication of  d a t a .  S p e c i f i c  equipment inc ludes  an- 
tenna assemblies, d a t a  encoders,  decoders,  c e n t r a l  computer and 
sequencer,  d a t a  l i n k s ,  transponders,  command and communications 
sys  t e m s ,  d a t a  automation and s to rage ,  r eco rde r s ,  readout  s y s  tems, 
and r e c e i v e r s .  Excludes rad io  frequency equipment used p r i m a r i l y  
as  an experiment.  
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i -  - Power Subsystem E r n  
Consis t s  of equipment necessary t o  supply and cond i t ion  
power t o  t h e  s p a c e c r a f t  subsystems. 
s o l a r  cel ls  and panels ,  b a t t e r i e s ,  RTG systems, conver te rs  and 
i n v e r t e r s ,  r e g u l a t o r s ,  t ransformers ,  and chargers .  It excludes 
mounting provis ions  and s t r u c t u r e s  which can be i d e n t i f i e d  f o r  
i n c l u s i o n  i n  t h e  s t r u c t u r e  subsystem. 
It s p e c i f i c a l l y  inc ludes  
- Experiment Subsystem EEXP 
Consis t s  of a l l  experiments and equipment whose primary 
purpose i s  t o  provide s c i e n t i f i c  information.  It excludes 
sources  o f  r a w  power, booms, major po in t ing  p la t forms ,  sequencing 
equipment, d a t a  handling equipment, mounting provis ions  and 
s t r u c t u r e .  
These d e f i n i t i o n s  appl ied  t o  t h e  Mariner R d a t a  given i n  
Table  1 y i e l d  t h e  weight a l l o c a t i o n s  presented  i n  Table 2. 
L 5 
Table 1 
SAMPLE PROGRAM LEVEL INPUT DATA* 
Subsystem 
Transponder 
Antenna 
Command 
Central computer and sequencer 
Data encoder 
Attitude control 
structure 
Ac tua tor s 
Pyrotechnics 
Motion sensors 
Spacecraft wiring 
Propulsion (dry) 
Thermal control 
Power 
Space Science 
Contingency 
Weight Allocation 
(Pounds) 
20.20 
19.81 
9.50 
10.95 
15.29 
55.81 
83.00 
3.40  
3.75 
1.33 
33.00 
23.00 
14.30 
99.89 
42.10 
1.59 
To ta l  436.92 
*Mariner R Program Development Plan 12/31/61, 
J e t  Propulsion Laboratory 
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I- Tab le  2 
DERIVED SUBSYSTEM WEIGHTS 
S t r u c t u r e  Subsystem 
S t r u c t u r e  
Actuators  
Pyrotechnics  
Spacecraf t  Wiring 
Thermal Control  
Contingency 
Telemetry and Data Handling Subsystem 
Transponder 
Antenna 
Cent ra l  Computer and Sequencer 
Command 
Data Encoder 
Propuls ion Subsystem 
Propuls ion (dry) 
Guidance and Control  System 
A t t i t u d e  Control 
Motion Sensors 
Power Subsys t e m  
Power 
Experiment Subsystem 
Space Science 
Weights 
( l b s )  
83.0 
3.4 
3.8 
33.0 
14.3 
1.6 
Tota l  139.1 
20.2 
19.8 
11.0 
9.5 
15.3 
Tota l  75.8 
Tota l  23.0 
55.8 
1.3 
T o t a l  57.1 
T o t a l  99.9 
To ta l  42.1 
Grand T o t a l  437.0 
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3.3 Numer ica l  Calcu la t ion  
Using t h e  d a t a  from previous s e c t i o n s  t h e  program cost 
of Mariner R spacec ra f t  can be ca l cu la t ed .  
0.038 (139 + 76) + 0.023 (23) 3-437 cs/c = 
= 3.32 8.7 cs/c 
= $28.9 m i l l i o n  cs/c 
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4 .  NOMOGRAPHIC SOLUTION OF COST EQUATION 
Two nomograms are provided t o  permit g raph ica l  s o l u t i o n s  
of t h e  c o s t  equat ion.  
and W 
po in t  t o  i n t e r s e c t  t h e  proper N scale. The Mariner R example i s  
F i r s t  locate t h e  po in t  determined by WT 
on Figure 1. D r a w  a l i n e  through t h e  o r i g i n  and t h i s  S/C 
W, 
i s  I shown where WT = 437 l b ,  W s l c  = 395 l b ,  N = 3 and N - 
ws/c 
then read  t o  be 3 . 3 .  
on t h e  cen te r  scale of wT 
ws/c 
Locate t h e  value of N - 
Figure  2. D r a w  l i n e s  connecting t h i s  po in t  with t h e  appropr i a t e  
va lues  of WSTD and Wp. Read the  two components of c o s t  from t h e  
c o s t  s c a l e s  and add t o  o b t a i n  t h e  t o t a l  spacec ra f t  c o s t .  For 
Mariner R t h e  value 3 . 3  i s  a s soc ia t ed  wi th  WSTD = 215 l b  and 
Wp = 23 lb. 
t o t a l  of $28.8 mil l ion .  
The c o s t s  are $27 m i l l i o n  and $ 1 . 8  m i l l i o n  g iv ing  a 
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%/C 
WT 
*s/c 
FIGURE I. CALCULATION OF N- 
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